Abstract. Correlation between RAS gene mutation and microsatellite instabi lity (MSI) status in cancer tissues and clinicopathological parameters of patients with stage Ⅲ colorectal cancer (CRC) were investigated. Tissues were collected from 180 patients diagnosed with stage Ⅲ CRC in the Department of Gastrointestinal Surgery of the Fourth Hospital of Hebei Medical University from 2012 to 2016. RAS gene mutations in paraffin sections were detected by PCR and Sanger sequencing. Expression of mismatch repair proteins MLH1, MSH2, MSH6 and PMS2 was detected by immunohistochemistry, and MSI status was determined based on the positive and negative expression combinations of the above proteins, and the correlation with clinicopathological parameters of CRC was analyzed. Mutation rates of KRAS and NRAS were 48.33% (87/180) and 2.78% (5/180), respectively. Mutation rate of p.G12D in codon 12 of exon 2 in KRAS gene was the highest (31/87, 35.63%). Mutation rate of p.G12D in codon 12 of exon 2 in NRAS gene was the highest (2/5, 40%). Mutation rate of KRAS gene in right colon was higher than that in left colon and rectum (p<0.05), and mutation rate in N2b phase was higher than that in N2a and N1 phases (p<0.01). In low degree of microsatellite instability (MSI-L) and high degree of microsatellite instability (MSI-H) status, negative MKH1 protein expression was dominant (18/32, 56.25%). MSI-H in CRC patients aged ≥50 years was higher than that of CRC patients <50 years. Rates of MSI-H in N1, N2a, and N2b were 1.75, 12.82, and 1.11% (p<0.05). Mutation rate of KRAS gene in MSI-H status of stage Ⅲ CRC patients was significantly higher than that in MSI-L/microsatellite stability (MSS) (p<0.05). Mutation of RAS gene and the status of MSI are involved in the occurrence and development of stage Ⅲ CRC. Detection of RAS gene has important significance for the individual treatment of CRC in clinic.
Introduction
Colorectal cancer (CRC) is one of the most common malignant tumors of the digestive tract in the world, and it is seriously endangering the health of humans. In recent years, the incidence of CRC showed an increasing trend and onset age is becoming increasingly younger (1) . At present, surgical resection is the main treatment of CRC (2) . However, due to differences in genotypes among different individuals, the incidence of drug resistance during chemotherapy increases significantly (3) . Therefore, how to achieve personalized treatment of CRC under the guidance of precision medical treatment has been the focus of treatment in recent years.
Studies have shown that changes in molecular pathways are involved in the development of CRC tumors, of which microsatellite instability (MSI) and chromosomal instability (CIN) play the most important roles (4) . MSI is the change of DNA genome sequence caused by mismatch repair gene mutation during DNA replication. It plays an important role in the regulation of various tumors, and CRC is one of the malignant tumors with a high incidence of MSI (5) . It has been reported that >90% of CRCs have a high degree of MSI (6) . CIN is related to a variety of signal transduction pathways, of which the epidermal growth factor receptor (EGFR)-mediated signaling pathway plays an important role (7) . Activation of the EGFR signal transduction pathway can regulate the phosphorylation of downstream signaling pathways, thereby promoting cell proliferation (8) . RAS proto-oncogene family includes KRAS, HRAS, and NRAS, of which the KRAS gene has the highest mutation rate in CRC disease and can be as high as 45% (9) . KRAS is an important component of the downstream pathway of the EGFR signaling pathway, and its mutation can lead to activation of the RAS/RAF/MAPK signaling pathway and loss of EGFR regulation (10) . Therefore, outcomes of clinical use of EGFR drugs targeting KRAS gene mutations in CRC patients are extremely poor. In this study, PCR-Sanger sequencing and immunohistochemical methods were used to detect RAS gene mutations and MSI status in paraffin sections of patients with stage Ⅲ CRC and to analyze the correlation with clinical parameters. Our study provided theoretical basis for personalized treatment for clinical CRC.
Patients and methods
Patient data. Tissues were collected from 180 patients who were diagnosed as stage Ⅲ CRC in the Department of Gastrointestinal Surgery of the Fourth Hospital of Hebei Medical University (Shijiazhuang, China). All tissue specimens were fixed with 10% formaldehyde and stored as paraffin blocks. These patients included 104 males (57.78%) and 76 females (42.22%), and age ranged from 26 to 81 years, with an average age of 54.38+17.32 years. Inclusion criteria: i) all patients were treated with surgery and excluded from chemotherapy, radiotherapy, biological therapy, and other special treatment methods; ⅱ) patients pathologically diagnosed with stage Ⅲ CRC; ⅲ) excluded from other intestinal diseases or other parts of the original tumor; and ⅳ) all the patients and their families were informed, and signed informed consent. In this study, the clinical and pathological grade of tumors were determined according to the standards proposed by the Union for International Cancer Control (UICC) in 2010 (11) .
The study was approved by the Ethics Committee of the Fourth Hospital of Hebei Medical University. Signed informed consents were obtained from the patients or the guardians.
Detection of gene mutation. DNA was extracted from CRC paraffin blocks using a DNA FFPE Tissue kit (Thermo Fisher Scientific, Inc., Waltham, MA, USA) according to the manufacturer's instructions. PCR (Thermo Fisher Scientific, Inc.) reactions were performed to amplify DNA. All primer sequences are listed in Table I . Primers were synthesized by Sangon Biotech Co., Ltd. (Shanghai, China). PCR reaction conditions were: 95˚C for 10 min, followed by 40 cycles of 95˚C for 30 sec, 50˚C for 30 sec and 70˚C for 1 min, and 70˚C for 10 min. After purification of PCR products, Sanger sequencing of KRAS, NRAS and HRAS in the RAS family was performed using the ABI 3730xl sequencer (Sangon Biotech Co., Ltd.), and the sequencing results were analyzed.
Immunohistochemistry. Immunohistochemistry was used to detect the expression of MLH1, MSH2, MSH6 and PMS2. CRC tissue blocks were used to prepare tissue sections with a thickness of 4 µm, which were fixed on glass slide, and then baked at 65˚C for 2 h. After dewaxing and hydration, Determination of the results. Six visual fields were randomly selected under a 400-fold microscope (Olympus, Tokyo, Japan), and the results were judged by percentage of positive cells and depth of coloration. i) Scoring according to depth of coloration: negative was 0 points, light yellow was 1 point, brown-yellow score was 2 points, and brown score was 3 points. ⅱ) Scoring according to the percentage of positive cells: 0-30% was 1 point, 30-70% was 2 points, and 70-100% was 3 points. Product of the two scores ≥3 points was positive, otherwise it was negative. MSI result was determined as: positive expression of the above four proteins in CRC patients was defined as microsatellite stability (MSS). Negative expression of one of the proteins was defined as low degree of microsatellite instability (MSI-L). The presence of negative expression of two or more proteins was defined as high degree of microsatellite instability (MSI-H) (12) .
Statistical analysis. Statistical analysis was performed using the SPSS 22.0 statistical analysis software (IBM Corp., Armonk, NY, USA). Measurement data was recorded as mean ± SD Count data were recorded as rates and processed using Chi-square test to investigate the relationship between RAS gene mutations, MSI status, and CRC clinicopathological parameters. P<0.05 indicates a difference with statistical significance (Table I) .
Results

RAS gene mutation in stage Ⅲ CRC patients.
Analysis of 180 cases of phase Ⅲ CRC tissues revealed that RAS mutation (Table V) .
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Discussion
CRCs lack obvious symptoms and most patients are diagnosed with tumor metastasis, which is a major challenge of clinical treatment. Realization of disease molecular typing in individuals with tumors can help identify the biological characteristics of the tumor and clarify its pathogenesis (13).
The three main molecular properties of CRC are CIN, MSI and CpG island methylation (14) . growth (16) . Therefore, the 2010 NCCN guidelines clearly stated that CRC patients should be tested for KRAS gene mutation rates to guide the clinical application of anti-EGFR signaling pathway drugs (17) . MSI is another molecular characteristic of CRC, and its detection has become increasingly popular in the diagnosis of CRC. Mismatch repair genes encode MLH1, MSH2, PMS2, and MSH6 proteins to identify replication errors during DNA replication. DNA polymerases cleave the erroneously-replicated fragments, and DNA ligases cleave both ends of the excised fragments, so as to achieve correct DNA replication (18) . Microsatellites are small DNA fragments in the human genome. Microsatellites are repeated sequences and error rate is high during replication. However, when the mismatch repair gene is mutated, the encoded protein cannot be expressed, and DNA erroneous replication cannot be corrected, eventually resulting in the production of MSI (19) . Therefore, this study explored the correlation between RAS gene mutations, MSI status and the occurrence and development of CRC, so as to provide theoretical basis for individualized treatment of CRC patients. In this study, tissue paraffin specimens from 180 patients with stage Ⅲ CRC were examined. Results showed that the RAS mutation rate was 51.11% (92/180) and KRAS and NRAS gene mutation rate was 48.33% (87/180) and 2.78% (5/180), respectively. It has been reported that KRAS gene mutation rate in CRC patients is 35-45% (20) , which is generally consistent with the results of our study. Ye et al (21) investigated the CRC of Chinese population and found that the mutation rate of KRAS gene was 37.9%, which was slightly lower than the results of our study. The possible explanation is they only included the 12th codon. In this study, codons 12 and 13 in exon 2 were both detected. Results showed that the number of exon 2, 3 and 4 mutations in KRAS mutations was 78 cases (89.66%), 2 cases (2.30%), 7 cases (8.05%), respectively. Mutation rate of p.G12D in codon 12 of exon 2 was the highest (35.63%, 31/87), which was in agreement with that reported by Ye et al (21) . Mutation rate of p.G13D in codon 13 was 21.84% (19/87), which was lower than the mutation rate of codon 12. This result is consistent with that of Omidifar et al (22) . HRAS mutation was not detected, which was consistent with the results of previous studies (23) . This study further analyzed the correlation between KRAS and NRAS mutations and the clinicopathological parameters of phase Ⅲ CRC and found that mutation rate of KRAS gene in right colon was 65.82%, which was significantly higher than that in left colon and rectum (p<0.05). Mutation rate in N2b phase was 81.48%, which was significantly higher than that in N2a and N1 phases (p<0.01), but there was no correlation with other pathological parameters. Studies have shown that the age of patients with KRAS and CRC and the degree of tumor differentiation are closely observed (24, 25 ). An explanation of the different results may be the differences in the survey population. It has been reported that NRAS gene mutations are associated with low expression of c-MET, and NRAS gene mutations are more likely to occur in elderly patients with malignant melanoma (26) . In this study we found that NRAS gene mutations were not associated with age, sex, lymph node metastasis, tumor location, depth of invasion, and pathological stage of patients with CRC, possibly due to the fact that mutation rate of NRAS in CRC is significantly lower than that of KRAS (27) . In addition, the sample size of our study was small and biased results cannot be avoided.
In this study, immunohistochemistry was used to detect phase Ⅲ CRC tissue paraffin sections. There were 148 cases (82.22%) of MSS status, 22 cases (12.22%) of MSI-L status, 10 cases (5.56%) of MSI-H status, and MKH1 protein negative expression was dominant in MSI-L and MSI-H status (18/32, 56.25%), indicating that patients with stage Ⅲ CRC are mainly MSS. Fleming et al (28) analyzed 128 patients with malignant rectal cancer and found that patients with MSI-H mostly showed poor differentiation, lymph node infiltration, and high degree of tissue heterogeneity, and MSI-H mostly occurred in female patients and right semi-colon. Correlation analysis showed that MSI-H is closely related to the pathological stage of CRC, and it mostly occurs in elderly patients aged ≥50 years. The reason for the discrepancy in the analysis is that this study only selected patients with stage Ⅲ CRC as the study subjects, and Fleming et al (28) selected patients with stage Ⅱ and Ⅲ CRC as study subjects. Finally, the relationship between RAS gene mutation and MSI was analyzed. It was found that the mutation rate of KRAS gene in MSI-H status of stage Ⅲ CRC patients was 60% (6/10), which was significantly higher than that in MSI-L/MSS (47.65%, 81/170). Mutation rate of NRAS gene was not correlated with MSI. Ogura et al (26) found that patients with MSI-L tumors were more likely to have NRAS mutations than KRAS mutations, possibly due to the different subjects included in that study.
In summary, RAS gene mutation and MSI status are involved in the occurrence and development of stage Ⅲ CRC, and detection of these indexes is of great significance to the individual treatment of CRC in the clinic.
